INTRODUCTION
Exposure to noise constitutes a health risk. There is sufficient scientific evidence for this claim. Exposure to noise can cause hearing loss, has an impact on high blood pressure and the effect on ischemic heart disease, disrupting sleep and reduce school performance. This implies that noise exposure can be a major public health problem in the twenty-first century [16] . The importance of this problem is evident by the fact that most of the effects of sound on health and quality of life were already known or at least hypothesized already in the 1960s. Later in the 1970s the research results were sufficiently reviewed to allow science based recommendations to be made to protect public health. If politicians had taken a more protective stance in the 1970s, a lot of harm would have been avoided [16] .
Traffic is the most widespread source of environmental noise. In the past few decades road noise, has been the dominant noise source in many cities. However, as more and more railway lines are built to promote environmentally friendly modes of transport and deal with traffic congestion, railway noise has become increasingly common [2] . Because of the above mentioned facts, environmental requirements for railway operations regarding noise are becoming very strict and will become even tighter in future. Technical Specification for Interoperability (TSI) for high-speed trains in Europe, including the noise emission limits, is in force since December 2002. TSI on noise for conventional rail, according to a directive from 2001, [4] came in force in 2004 [8] , but it was last amended in 2011 [7] . The limiting value for the pass-by noise emission of electric and diesel locomotives measured 7,5m from the centre of the track is stated to 85 dB.
Today almost all the countries within EU have railway noise reception limits for new and substantially upgraded lines, but some have limits also for existing lines [11] . To achieve the goals stated in legislation there are several strategies. Let us highlight some of them. Noise emission reduction of trains and wheel/track systems, noise emission reduction of railway line and noise cutback by sound barriers are most important strategies used worldwide. But there are many variations of them. In Switzerland for instance all rolling stock were improved, noise barriers were build an insulated windows installed in all cases in which thresholds were not attained by the first two measures [15] . The Taiwan authorities have taken a different approach [9] . Significant reduction of railway noise level has been achieved by planting tree belts near the railway. The effect was highly related to the form of the tree, density, height, length and width of the tree belt. In Hong Kong they used the special Viaduct design for minimization of direct and structured radiated train noise to build the West Rail extensions from Kowloon into the New Territories [5] . In Austria they have tested noise reduction technologies based on high-performance damping materials to reduce both rolling structure noise. The rail noise reduction system was found effective for reducing noise by 2 to 4 dB [12] .
As we can see from the facts explained above, there are several technologies to reduce noise available. But the environmental impacts of different railway noise reduction technologies are different. In the Table 1 we can see the impacts listed.
In this paper we present actual track-based field test performed on Slovenian Railways. The field test was performed using CL-E1 top anti noise system, which represents a relatively simple and costeffective solution. The results showed that relatively simple and cost-effective solutions could be as effective as much more expensive solutions, like for instance in the papers Dragan et al. [6] and Kramberger et al. [13] where the significant CO 2 reductions were achieved with no sophisticated technology used, but simple with optimization. In this innovative way, the significant noise reduction was achieved.
TOP-OF-RAIL SQUEAL AND FLANGING NOISE
Top-of-rail squeal and flanging noise are associated with curves on the railways. On sharp curves (R < 500m) rolling noise is associated generally with tangent track. A large proportion of the squeal noise originating from the top of the rail is associated with stick-slip lateral motion at contact between the wheel tread and rail head [10] . However, the curve squeal originates from the unstable response of a wheel objected to large creep forces in the region of contact, which excite the wheel's axial (and radial) mates and thus the noise generated is strongly tonal in nature in the frequency range 250 Hz to 10 kHz. Flanging noise is the high frequency, broadband or multi-tonal noise which is common on tight curves. The flange contact generates a different form of squeal noise, referred to as flange squeal, which has a considerably higher fundamental frequency and is often intermittent in nature. The lateral creep on the top of the rail is the major culprit in generating the squeal noise, though flange rubbing and longitudinal slip are also contributing factors to the overall noise radiated while negotiating a curved track [10] . Lubrication of the contact between the active rail gauge corner and the wheel flange is intended to reduce noise and wheel and rail degradation significantly and, thus, wear. The amount of applied lubricant is one important factor in controlling wear, but poor adhesion during braking is a safety issue as it extends braking distance [14] . Lubricant type and the addition of solid lubricants are also influencing factors. The lubricant type and effects from solid lubricants were examined in several independent tests [3] ; [4] ; [18] ; [17] ; [1] ; [20] . These tests basically aimed to find out if different types of grease and the added quantity of solid lubricants affected retention and spread ability. In Reiff [17] the wheel forces of a former locomotive were measured, showing that molybdenum disulfide (MoS 2 ) gave the best effect on retention while graphite greases did not reveal any clear evidence about spread ability or retention. MoS 2 gave low wear rates in a twin-disc test in Clayton [4] , while graphite added to lubricants did not indicate any opportunities according to wear. Abbasi with coworkers [1] reported that the number of ultrafine particles decrease when biodegradable rail grease or oil-based friction modifier was used. In contrast, the concentration of ultrafine particles increased drastically when water based lubricant was used.
COMPOSITE HEAVY FLUID COMPOUND MATERIAL AND CL-E1 TOP ANTI NOISE APPLICATION SYSTEM
However, the focus of this study was on testing a completely new developed Composite Heavy Fluid Compound material (CHFC). CHFC is special long-lasting, temperature-proof and environmentally friendly composite material. It contains more than 40% of solid particles and is capable of taking over extremely high pressure loads. The characteristics of CHFC material are shown in Table 2 . The material can be applied directly on source of noise, the rail. For this purpose CL-E1 top anti noise application system for rails in curves was developed (see the Fig. 1 ) as a part of revolutionary Wear Out and Noise Reduction On Source (WONROS) technology. The main part of the system are patented and verified dosing borings (ϕ = 4 mm) made into the rail head. They enable expanding of the material CHFC onto the precisely defined point on the rail head. Non-corrosive CHFC material, when applied to the rail, reduce the wear out and noise significantly, especially the high frequency squealing noise, but its friction characteristics would not change the braking properties. The main technical problems with wayside lubricators have been highlighted as blocked applicator openings, leaking holes and poor choice of lubricant. However, with appropriate device, such is CL-E1 top device, and CHFC material all those problems are solved.
CL-E1 top anti noise system with patented boreholes offers reasonable noise reduction despite extremely low consumption of CHFC material. The whole system can be installed also in the middle of the curve and underground. CL-E1 provides also reduction of rails and wheel life cycle cost. CL-E1 reduces environmental pollution with metal filings. Our measurement showed reduction from 2218 kg to 779 kg per year on the curve with radius r = 400 m and length l = 60 m. 
CL-E1 TOP ANTI NOISE APPLICATION SYSTEM
CL-E1 system has many advantages; some of them are already pointed out in paragraph 3. However beside this, with using CL-E1 device:
-the reduction of LCC is high, -the rail and wheel lifetime is increased and the intervals for grinding are significant prolonged, -the system reduces corrugation (sinus line) of rails -maintains low roughness level, -keeps the rail and the wheel smoother, -reduce brake screech, -high percentage of metal particles in the material prevents the rail erosion, GCC and RCF, -consumption of driving power on serviced segments is reduced, -system operates at all extreme weather conditions, -system has ability of supplying both rails with one device, -the dosing of material can be with borings or with blades, -the detecting of the wheel is contactless, -the device detect the driving direction, therefore the applying of material is only in desired direction (consumption of material is lower), -own source of power, provided by solar panels or net voltage -removal of the device is not necessary when maintenance vehicle is passing over, -etc.
However, according to Slovenian Railways by using the CL-E1 device very good results had been achieved in terms of lubricating and also in terms of maintenance since the maintenance cost are insignificant. Beside this the usage of CHFC material is controlled and rational and the quality of device meets all requirements.
MEASURMENTS AND RESULTS
Measurement of noise reduction was performed on the railway line from Ljubljana to Pivka where it makes a long sharp turn and therefore the direction change by approximately 180_. Two measurements point were created. First one, MM1 was located on the beginning and second one, MM2 at the end of the curve (see the Figure 2 ). The radius of the curve at this part of the track is r = 298 m.
The detector was mounted 7 m away from the center of the track at MM1 and 8 m at MM2 at hight 2 and 4 meter from the ground level. Railway line runs through the village Dražica on this section. This is the reason why we have chosen that spot for installation of the sensors. The measurements were carried out in the normal daily traffic in August and September 2012. We used modular sound detectors B&K 2250 and 2270. After several measurements we gained the following results. In the Table 3 we see the average sound levels measured at two measurement points MM1 and MM2. We have average values for passenger and freight trains without and with usage of CL-E1 top anti noise system in [dB]. In the last two columns we see the average sound level reductions for passenger and freight trains respectively. When we present the average sound level reductions graphically (see the Figure 3 , where dotted line means freight trains and black line means passenger trains) we see that sound level reductions are higher at higher frequences. Higher reductions were achieved with freight trains which is obvious, because the nominal level of noise is much higher with freight trains than with passenger trains. At low frequences (12.5 Hz to 50 Hz) the average reductions are up to 14 dBA. At frequencies between 50 Hz to 2000 Hz reductions are lower but at frequences between 2000Hz and 5000Hz the reductions reach their peak, which is up to 30 dBA. With passenger trains the reduction reach their peak at 20000 Hz. As we can see from above mentioned results application of CHFC material to the source of noise by use of innovative patented technology CL-E1 top anti noise system reduce the high frequency noise at most. The high frequency noise usually appears in sharp curves and shunting stations etc. which are mostly located near the populated areas. Therefore CL-E1 top anti noise system is appropriate for use in specified sections of rail lines. Relatively simple and easy to use technology in contrary to other expensive measures for noise level reductions almost all cases reduce the noise lower than 85 dB (see [7] ).
DISCUSSIONS
Noise reduction can be achieved with several different approaches. Most of noise reduction technologies have to be designed before the construction of railways [5] , or require major earthmoving works [9] . The solution described in the present paper is relatively simpler and less expensive than others. The apparatus is located right next to the railway line, also in the middle of the curve (see Fig. 4 ). The noise level reductions up to 30% are much higher than most of the solutions described in literature [12, 9] or much cheaper than the solution in [5] . In relation to 2 m high sound barrier where the screening effect of a 2 m high sound barrier is average 10 dB(A) but the cost extends up to 1 million EURO/km (see [19] ).
According to the facts and results of the measurements listed in the paper, the innovative patented technology CL-E1 top anti noise system is worth considering in order to reduce railway noise. It can be concluded that the noise reduction is crucial to the welfare of the environment and human health and contribute significantly to the competitiveness of railway traffic.
